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(54) System and method for locating mobile units operating within communication system 



(57) A wireless communication system constructed 
according lo the present invention interfaces with a 
Service Control Point (SCP) lo provide location informa- 
tion for a serviced mobile unit. The SCP sends a locate 
request to a Home Location Register (HLR) of the wire- 
less communication system, requesting the location of 
the serviced mobile unit. The HLR then accesses a serv- 
ing Mobile Switching Center (MSC), the serving MSC 
being identified by the HLR as currently servicing the 
mobile unit Depending upon the particular constraints 
of the requested operation by the SCP (e.g., immediate 
locate request or most recent locate request), the serv- 
ing MSC either retrieves location information for the mo- 
bile unit from its Visitor Location Register (VLR) or sends 
a page to the mobile unit. The mobile unit responds to 
the page and, based upon the cell/sector from which the 
mobile unit responded, the serving MSC determines an 



approximate location of the mobile unit. With the loca- 
tion information retrieved, the serving MSC then con- 
verts the cell/sector identification to longitude and lati- 
tude information. The serving MSC may also convert a 
time-stamp associated with the location information 
(when the location information was recorded) to a nor- 
malized time standard such as Greenwich Standard 
Time. With this location information determined, the 
serving MSC provides the information to the requesting 
SCP. This information may be provided either direct ry 
by the serving MSC to the requesting SCP or may be 
provided via the HLR that receive the request. In con- 
verting the cell/sector identification in which the mobile 
unit was last located, the serving MSC (or other element 
of the wireless communication system that performs the 
conversion) provides the most likely location of the mo- 
bile unit within the cell/sector. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application is a continuation-in- 
part of, and claims priority pursuant to 35 U.S.C. Sec. 
120 to U.S. Application Serial No. 09/223,889, filed De- 
cember 31 , 1 998, pending, which is hereby incorporated 
herein by reference in its entirety. 

BACKGROUND 

1. Technical Field 

[0002] The present invention relates generally to wire- 
less communication systems; and more particularly to 
a wireless communication system that may be accessed 
via a service control point by a customer application to 
determine the approximate location of a mobile unit op- 
erating within the wireless communication system. 

2. Related Art 

[0003] Cellular wireless communication systems are 
generally known in the art to facilitate wireless commu- 
nications within respective service coverage areas. 
Such wireless communication systems include a "net- 
work infrastructure" that facilitates the wireless commu- 
nications with mobile units operating within a service 
coverage area. The network infrastructure typically in- 
cludes a plurality of base stations dispersed throughout 
the service coverage area, each of which supports wire- 
less communications within a respective cell (or set of 
sectors). The base stations couple lo base station con- 
trollers (BSCs), with each BSC serving a plurality of 
base stations. Each BSC couples to a mobile switching 
center (MSC) which also couples to the PSTN, the In- 
ternet and/or to other MSCs. 

[0004] A wireless mobile unit operating within the 
service coverage area communicates with one or more 
of the base stations. The base stations route the com- 
munications to the MSC via a serving BSC. The MSC 
routes the communications to another subscribing wire- 
less unit via a BSC/base station path (which may be the 
same BSC/base station path when the communications 
are with another subscribing unit serviced by the same 
base station) or via the PSTN/lntemet/other network to 
terminating destination. 

[0005] Various operating standards have been devel- 
oped to standardize wireless communications. The 
wireless communication operating standards include, 
for example, the Advanced Mobile Phone Service 
(AMPS) standards, the Global Standards for Mobility 
(GSM), the Code Division Multiple Access (CDMA) and 
the Time Division Multiple Access (TDMA) standards. A 
standard that is employed in North America for intercon- 
nectivityof MSCsisthelS-41 standard. These operating 
standards set forth Ihe technical requirements that fa- 



cilitate compatible operation between equipment of dif- 
fering vendors. 

[0006] Mobile units are used for many differing appli- 
cations. In many applications, they simply serve as tel- 
5 ephones for their users. However, in other applications, 
they take the place of two-way radios. A particular ex- 
ample of such usage is when mobile units are provided 
to delivery or service personnel. The mobile units are 
used primarily for communication between a central of- 
io fice and the worker when the worker is dispatched. In 
such applications, the central office is frequently inter- 
ested in the present location of the worker for scheduling 
purposes and progress updates. To determine a present 
location of the worker, the central office must call the 
is worker via the mobile unit and request his or her present 
location. Such technique not only delays the worker but 
requires a central office person to complete the commu- 
nication, retrieve the location information and update the 
worker's status. 
20 [0007] Other applications also require location infor- 
mation for their applications. For example, when a mo- 
bile unit is employed to create a data link between a user 
and a remote computerized application, the location of 
the mobile unit is typically required by the remote com- 
2* puterized application, such as automobile navigation 
services. A technique used to provide the location infor- 
mation is to incorporate a Global Positioning System 
(GPS) receiver in the automobile, to couple the GPS re- 
ceiver to a local computer system to record the GPS lo- 
?o cation of the automobile and to relay the GPS location 
to the remote computerized application via the mobile 
unit. Such an application, while appropriate for naviga- 
tion services since exact coordinates are typically re- 
quired, is expensive, requires substantial overhead and 
»5 consumes significant wireless bandwidth. 

[0008] Thus, there is a need in the art for a system 
that allows a central location to determine the location 
of a mobile unit without dedicated overhead or substan- 
tial wireless bandwidth consumption. 

o 

SUMMARY OF THE INVENTION 

[0009] Thus, to overcome the shortcomings of the pri- 
or systems, among other shortcomings, a wireless com- 

5 munication system constructed according to the present 
invention interfaces with a Service Control Point (SCP) 
to provide location information tor a serviced mobile unit. 
In a typical operation, the SCP sends a locate request 
to a Home Location Register (HLR) of the wireless com- 

£> munication system, requesting the location of the serv- 
iced mobile unit. The HLR then accesses a serving Mo- 
bile Switching Center (MSC), the serving MSC being 
identified by the HLR as currently servicing the mobile 
unit. 

* [0010] Depending upon the particular constraints of 
the requested operation by the SCP (e.g., immediate lo- 
cate request or most recent locate request), the serving 
MSC either retrieves location information for the mobile 
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unit from its Visitor Location Register (VLR) or sends a 
page to the mobile unit. The mobile unit responds to the 
page and, based upon the cell/sector from which the 
mobile unit responded, the serving MSC determines an 
approximate location of the mobile unit. 
J0011] With the location information retrieved, the 
serving MSC then converts the cell/sector identification 
to longitude and latitude information. The serving MSC 
rrny also convert a time-stamp associated with the lo- 
cation information (when the location information was 
recorded) to a normalized time standard such as Green- 
wen Standard Time. With this location information de- 
le mined, the serving MSC provides the information to 
the requesting SCR This information may be provided 
cither directly by the serving MSC to the requesting SCP 
or mny be provided via the HLR that receive the request. 
[001 2J In converting the cell/sector identification in 
wntch iho mobile unit was last located, the serving MSC 
to* oihcf clement ot the wireless communication system 
iUni performs the conversion) provides the most likely 
lucHi-onol the mobile unit within the cell/sector. Atypical 
coll sector extends across a large geographic area. Re- 
sulirintly the mobile unit could reside at any location 
within us current cell/sector. Thus, in converting the cell/ 
occtor ID to a most likely longitude and latitude for the 
mobile- unit, serving MSC makes educated approxima- 
tions As one approximation, the serving MSC deter- 
mines the center of area for the celt/sector and assumes 
that the mobile unit resides at that location. As another 
approximation, if cell/sector services a heavily traveled 
road, lor exampie, the serving MSC determines a mean 
location on the road and assumes that the mean location 
is where the mobile unit resides. Other techniques may 
also be applied to best approximate the mobile unit with- 
in the cell/sector Irom which the mobile unit responded. 
[001 3] Moreover, other aspects of the present inven- 
tion will become apparent with further reference to the 
drawings and specification which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] A better understanding of the present invention 
can be obtained when the lollowing detailed description 
ol the preferred embodiment is considered in conjunc- 
tion with the following drawings, in which: 

FIG. i is a system diagram illustrating generally the 
structure of a wireless communication system con- 
structed according to the present invention; 
FIG. 2 is a logic diagram illustrating operation of a 
wireless communication system according to the 
present invention in which the approximate location 
of a mobile unit is determined; 
FIG. 3 is a logic diagram illustrating operation of a 
mobile switching center of a wireless communica- 
tion system according to the present invention in de- 
termining and returning the approximate location of 
a mobile unit that it is servicing; 



FIG. 4 is a message flow diagram illustrating the 
flow of messages among a service control point, a 
home location register, a serving mobile switching 
center and a visitor location register according to 

5 the present invention; 

FIG. 5 is a message flow diagram illustrating the 
flow of messages among a service control point, a 
home location register, a serving mobile switching 
center, a base station controller, a base station and 

w a mobile unit according to the present invention; 
and 

FIGs. 6A and 6B are diagrams illustrating cells and 
sectors and how assumptions are made in assum- 
ing the location of a mobile unit operating within the 
15 cells and sectors. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a system diagram illustrating gener- 

20 . ally the structure of a wireless communication system 
constructed according to the present invention. The 
wireless, communication system 100 includes mobile 
switching centers (MSCs) 102 and 116. Coupled to each 
MSC 102 and 116 is at least one base station controller 

25 (BSC). For example, BSC 104 is shown to be coupled 
to MSC 102 while BSC 118 is coupled to MSC 116. Fi- 
nally, at least one base station couples to each BSC. As 
shown, base stations 106 and 107 couple to BSC 104 
and provide wireless service within respective cells/sec- 

30 tors while base stations 122 and 1 23 couple to BSC 118 
and provide wireless service within respective cells/sec- 
tors. The construction of cellular based wireless com- 
munication systems is generally known. Thus, the struc- 
ture of such cellular wireless communication systems 

35 will not be discussed other than to explain the teachings 
of the present invention. 

[0016] Each of the MSCs 102 and 116 is serviced by 
a visitor location register (VLR), 108 and 120, respec- 
tively. Further, each of the MSCs 102 and 116 couples 

40 to a home location register (HLR) 110, which stores sub- 
scriber information. The construction of VLRs and HLRs 
is also generally known. Thus, the operation of the VLRs 
and HLRs will not be discussed herein except as it ap- 
plies to operation according to the present invention. A 

45 signaling path between the MSCs 102 and 116 and the 
HLR 1 10 is shown as a dotted line while the traffic paths 
between the MSCs 102 and 116 and the PSTN 114 are 
shown as solid lines. Communications between the 
MSCs 102 and 116 and the HLR 110 may be compliant 

50 with the IS-41 standard promulgated lor North American 
intersystem operations. 

[0017] Each of the MSCs 102 and 116 also couples 
to the public switched telephone network (PSTN) 114. 
. Terminals 134 and 136 couple to the PSTN 114 and may 
55 access the wireless communication system 100 there- 
by. The MSCs 1 02 and 1 1 6 and the HLR 1 1 0 also couple 
to a packet data network (e.g., the Internet). While not 
shown, the MSCs 102 and 116 typically require an in- 
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terface, such as an Interworking function, to interface 
with the packet data network 112. As is known, most 
wireless communication systems support circuit switch- 
ing, as opposed to the packet switching supported by 
the packet data network 112, such difference necessi- 
tating the Interworking function. 

[001 8] Coupled to the packet data network 1 1 2 are a 
customer server 140, a Service Node (SN) 141 and a 
Service Control Point (SCP) 142. The SN.141 includes 
a SCP and an Intelligent Peripheral, neither of which is 
shown specifically but whose functions are generally 
known. Generally, the SCP contained in the SN 141 and 
the separate SCP 142 support signaling functions for 
the system. Alternatively, the Intelligent Peripheral pro- 
vides service resource functions. Examples of such 
service resource functions included call termination, 
DTMF receipt for automated services, voice actuated di- 
aling, etc. These services require terminating a call. 
Thus, the Intelligent Peripheral services traffic as op- 
posed to signaling. 

[001 9] The customer server 1 40 supports packet data 
switching and may support various client functions such 
as web page services, email, etc. According to the 
present invention, the customer server 140 accesses 
the wireless communication system 100 via the packet 
data network 11 2 to retrieve location information for mo- 
bile units. The customer server 140 may be used by a 
parcel delivery service, a service company or other busi- 
nesses that dispatch employees to the field to perform 
tasks on behalf of the company, for example. Vehicle 
mounted mobile units 128, 130 and 132 may be as- 
signed to delivery vans by a parcel delivery company 
while hand-held mobile units 124 and 126 may be as- 
signed to service repair personnel by a service compa- 
ny. In both cases, the respective companies have a busi- 
ness interest in determining the location of their person- 
nel at any time. 

[0020] In an operation according to the present inven- 
tion, the parcel delivery company is interested in expe- 
dited pickup of a parcel. However, the company would 
like to dispatch the closest mobile unit, 1 28, 1 30 or 1 32, 
to make the pickup. In order to determine which mobile 
unit 1 28, 1 30 or 1 32 is closest to the pickup location, the 
company desires to determine the location ol each mo- 
bile unit. Thus, the company initiates location determi- 
nation operations via the customer server 140. Such in- 
itiation may be performed automatically when the pickup 
request is phoned into the customer server 140 or may 
be performed manually at a console supported by the 
customer server 140. 

[0021] A location determination for mobile unit 1 28 is 
discussed in particular. However, the same or similar op- 
erations are performed for mobile units 1 30 and 1 32 in 
the present example. Upon the initiation of the location 
determination, the customer server 1 40 sends a location 
determination request to the SCP 142 (or SN 141) via 
the packet data network 112. This location determina- 
tion request includes the MIN (or cellular telephone 



number) of the mobile unit 128. e.g., (425) 555-2383. 
This location determination request also contains addi- 
tional parameters relating to desired information. In one 
operation, the location determination request requests 
s that a location be returned that represents the last loca- 
tion in which the mobile unit 1 28 registered (e.g., for a 
Location Area registration update or periodic registra- 
tion update). In another operation, the location determi- 
nation request requests that a present location of the 

10 mobile unit be returned. Subsequent operations will de- 
pend upon the option selected. As is appreciated, the 
operator of the wireless communication system 100 will 
charge for this service and would likely charge a higher 
rate to return a present location of the mobile unit, as 

is compared to a last known location of the mobile unit. 
[0022] The SCP 1 42 receives the location determina- 
tion request and sends a locate request to either the 
HLR 110 or to an originating MSC, e.g., MSC 116. If the 
originating MSC 116 receives the location determination 

20 request, it sends a locate request to the HLR 110 that 
includes the MIN of the mobile unit 128. Included in this 
locate request (and route request described below) are 
parameters that indicate that location information is to 
be returned, instead of a TLDN for the mobile unit. The 

2S locate request (and route request) also may include an 
option that indicates whether a last known location or 
present location of the mobile unit 1 28 is to be returned. 
[0023] The HLR 1 1 0 then determines that the mobile 
unit 1 28 is currently being serviced by serving MSC 1 02. 

30 Based upon this determination, the HLR 110 sends a 
route request to the serving MSC 102 which includes 
the MIN for the mobile unit and the type of location in- 
formation to be determined. The serving MSC 102 re- 
ceives the route request and accesses its VLR 108 to 

35 determine that the last known location of the mobile unit 
was in cell 144 being serviced by base station 106 and 
BSC 104. If the location information to be determined 
simply requests the last known location of the mobile 
unit 128, the serving MSC 102 returns the location in- 

40 formation retrieved from the VLR 108, converting the 
cell/sector ID to longitude and latitude information as re- 
quired. Typically, the serving MSC 102 will also return a 
time stamp for the location information, such time stamp 
indicating at what time the location was last determined. 

45 [0024] If the location information to be determined re- 
quires that a current location of the mobile unit 128 be 
found, the serving MSC 102 initiates a page to the mo- 
bile unit 128, with the mobile unit 128 responding via 
base station 106 and BSC 104. Based upon this re- 

50 sponse to the page, the serving MSC 102 determines 
particularly that the mobile unit 1 28 resides within cell 
144. With the location information determined by the 
serving MSC 1 02, the serving MSC 102 responds to the 
HLR 110 (or. directly to the SCP 142) with the location 

55 information. The SCP 1 42 then responds to the custom- 
er server 140 via the packet data network 112. 
[0025] Under the IS-41 standards, operation accord- 
ing to the present invention may be accomplished by 
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enhancing the existing Terminal ionType parameter with 
two new values to indicate "last access" (retrieve loca- 
tion from VLR) or "current coverage" (page unit to de- 
termine its location). As will be described further below, 
when the "last access" cell partition is requested, the 
location information will be retrieved from the VLR 108 
and send in a LOCAID parameter to the HLR 110 and 
relayed to the SCP 142 in a locreq message. If the "cur- 
rent coverage" location is requested, the serving MSC 
102 will page the mobile unit 1 28 using a page message 
or audit order, determine the current coverage cell/sec- 
tor and relay this information to the SCP 142 via the HLR 
110. Thus, modifications may be made to the IS-41 
standards to support operation according to the present 
invention. 

[0026] In determining the location of a mobile unit, e. 
g., mobile unit 1 24, 1 26. 1 30 or 1 32, the information ob- 
tainable is the cell or sector in which the mobile unit cur- 
rently operates or was last registered. As is known, cells/ 
sectors may cover relatively large or relatively small ge- 
ographic areas. Thus, the serving MSC, e.g. , 1 02 or 1 1 6, 
must convert the cell/sector information to longitude and 
latilude information that is of use to the customer server 
140. In a conversion operation according to the present 
invention, assumptions are made as to the location of 
any mobile unit operating within the cell or sector. 
[0027] A first conversion operation assumes that the 
mobile unit resides within a center of area of the cell/ 
sector. For example, base stations 106 and 1 07 support 
wireless coverage within a complete cell and do not sup- 
port sectors. In such case, the center of area is at the 
location of the base stations, base stations 1 06 and 107 
for cells 144 and 146, respectively. However, in the case 
of cells 148 and 1 50 supported by base stations 1 23 and 
122, respectively, the cells 148 and 150 are sectorized. 
In such case, resolution is enhanced because the loca- 
tion of a mobile unit may be determined within a partic- 
ular sector of the cells. 

[0028] The prior methodology may be carried out for 
the sectors by determining a center of area for the sec- 
tors and assuming that the mobile unit, e.g., mobile unit 
124, 130 and 132 reside at the center of area location 
within the respective sectors in which they operate. Ac- 
cording to this technique, a longitude and latitude are 
determined for the center of area position and employed 
for each mobile unit responding for such cell or sector. 
Other techniques that may be employed are discussed 
wilh reference to FIG. 6. 

[0029] FIG. 2 is a logic diagram illustrating operation 
of a wireless communication system according to the 
present invention in which the approximate location of 
a mobile unit is determined. Operation commences at 
step 202 where the SCP receives a locate request for a 
subscriber, perhaps via a packet data network from a 
subscriber computer (customer server). Based upon the 
locate request, the SCP sends a locate request (which 
may be in a different format as compared to the locate 
request sent by the SCP) to the HLR (or originating 



MSC) identifying the mobile unit. Typically, the HLR or 
originating MSC is determined based upon either the 
Ml N of a mobile unit in question or the telephone number 
of the mobile unit. 

5 [0030] At step 206, the HLR sends a route request to 
the serving MSC for the mobile unit, identifying the mo- 
bile unit and the locate criteria. Such locate criteria will 
typically include whether the serving MSC should return 
a current location of the mobile unit (as discovered by 

io paging the mobile unit) or return the location of the mo- 
bile unit of its last access of the wireless communication 
system. Based upon the locate criteria, the serving MSC 
determines the location of the mobile unit at step 208. 
In determining the location of the mobile unit, the serving 

'5 MSC will typically convert the cell/sector in which the 
mobile unit operates (or operated at its last known loca- 
tion) to a longitude and latitude. The serving MSC then 
returns this location information (longitude and latilude) 
along with a time stamp (in a standard time format such 

20 as Greenwich Standard Time or a local time wilh a local 
time identifier) to the HLR. In an alternative operation, 
the serving MSC may return this information directly to 
the SCP. Finally, at step 212, the HLR returns the loca- 
tion information of the mobile unit and its time stamp to 

25 the SCP. From step 212, operation ends. 

[0031] FIG. 3 is a logic diagram illustrating operation 
of a mobile switching center of a wireless communica- 
tion system according to the present invention in deter- 
mining and returning the approximate location of a mo- 

30 bile unit that it is servicing, such operation showing in 
more detail operations taken at step 208 of FIG. 2. Op- 
eration commences at step 300 where the serving MSC 
receives a locate request from an HLR seeking the lo- 
cation of a serviced mobile unit. Based upon the con- 

35 tents of the locate request, the serving MSC is asked 
either to return the last known location of the mobile unit 
(step 302) or to return a present location of the mobile 
unit (step 312). 

[0032] If the last known local ion of the mobile unit is 
40 requested at step 302, operation proceeds to step 304 
wherein the serving MSC accesses the VLR record for 
the mobile unit to retrieve the last known location of the 
mobile unit. At step 308, The VLR accesses the location 
information which includes the last known cell/sector in 
45 which the mobile unit accessed the system and the time 
at which such access was performed. Operation pro- 
ceeds to step 308 where the cell/sector location and 
time stamp of the last access are retrieved and convert- 
ed to longitude, latitude and standard time information. 
50 This information is then returned to the HLR (or SCP) at 
step 310. 

[0033] If a present location of the mobile unit is re- 
quired at step 312, based upon the information con- 
tained in the locate request operation process to step 
ss 31 4 where the serving MSC pages the mobile unit using 
supported paging algorithms in an attempt to locate the 
mobile unit within its service area. If the mobile unit does 
not respond within a time-out period at step 316, oper- 



5 



9 



EP 1 018 850 A1 



10 



ation proceeds to step 304 where the existing location 
information is retrieved from the VLR and returned. 
[0034] If the mobile unit responds to the page at step 
320, the serving MSC stores the ceil/sector from which 
the mobile unit responded at step 322 in the VLR. From 
step 322, operation proceeds to step 308 wherein the 
recently acquired location information is returned to the 
HLR This, under such operations, the location informa- 
tion returned to the subscriber computer reflects a most 
rocont location of the mobile unit. 
(0035] FIG. 4 is a message flow diagram illustrating 
the flow of messages among a service control point, a 
homo location register, a serving mobile switching cent- 
er nnd h visitor location register according to the present 
invention when the last known location of the mobile unit 
is rciurned. At 402, the SCP or the originating MSC 
sends a locate request to the HLR, whether the SCP or 
the originating MSC sent the locate request depending 
upon the particular implementation. At 404, the HLR re- 
sporvjb ay sending a route request to the serving VLR 
i equaling location information for the mobile unit. Con- 
tained in both the locate request from the SCP (MSC- 
O) and the locate request from the HLR are the mobile 
units MINI and a parameter that indicates that a last 
knov^n location ol the mobile unit is required. 
[0036] At 406, the VLR retrieves the requested loca- 
tion information from the VLR for the mobile unit based 
upon the mobile unit's MINI. The retrieved information 
providns the cell/sector ID of the cell in which the mobile 
unit test operated (registered at power up or roaming 
entry, periodic registration, location area id update, serv- 
iced a call or otherwise contacted the wireless commu- 
nication system) as well as a time stamp corresponding 
to the last contact. The retrieved information is then con- 
verted to longitude and latitude and returned to the HLR 
at 405 along with the time stamp (that was converted to 
a standard time or included an indication of the time 
zone in which the contact was made). At 408, the HLR 
responds to the SCP with the location response which 
includes the last known location of the mobile unit (lon- 
gitude and latitude) and a corresponding time stamp. 
[0037] FIG. 5 is a message flow diagram illustrating 
the flow of messages among a service control point, a 
home location register, a serving mobile switching cent- 
er, a base station controller, a base station and a mobile 
unit according to the present invention during an oper- 
ation in which the present location of a mobile unit is 
determined. Al 502, the SCP or the originating MSC 
sends a locate request to the HLR. At 504, the HLR re- 
sponds by sending a route request to the serving MSC, 
requesting location information for the mobile unit. Con- 
tained in both the locate request from the SCP and the 
locate request from the HLR are the mobile units MIN 
and a parameter that indicates that a current location of 
the mobile unit is required. 

[0038] At 506, the serving MSC initiates a page for the 
mobile unit based upon the MIN of the mobile unit. 
Standard paging techniques may be employed to page 



the mobile unit within the service are of the serving MSC . 
At 508, the mobile unit responds to the page from a par- 
ticular cell/sector serviced by the serving MSC, such re- 
sponse made to one of the BSCs serviced by the serving 

5 MSC. The BSC forwards the page response to the serv- 
ing MSC, identifying the cell/sector from which the mo- 
bile unit responded. The serving MSC then converted 
to longitude and latitude and returns the information to 
the HLR at 512 along with the current time stamp (that 

10 was converted to a standard time or included an indica- 
tion of the time zone in which the contact was made). At 
514, the HLR responds to the SCP with the location re- 
sponse which includes the current location of the mobile 
unit (longitude and latitude) and a corresponding time 

*5 stamp. 

[0039] FIGs. 6A and 6B are diagrams illustrating cells 
and sectors and how assumptions are made in assum- 
ing the location of a mobile unit operating within the cells 
and sectors. Referring now to FIG. 6A. a first technique 

so that may be employed to approximate the location of a 
mobile unit within a cell/sector from which the mobile 
unit contacts the wireless communication system is to 
determine the center of area of the cell/sector. For a non- 
sectorized cell, the center of area of the cell is typically 

25 the location of the antenna servicing wireless commu- 
nications within the cell. In a sectorized cell, however, 
the shape of the sector will affect the center of area with- 
in the sector. Examples of the centers of the sectorized 
cell 600 are shown as centers of area 602, 604 and 606. 

30 However, if the sectors are of differing segment shapes, 
the center of area would of course be different. 
[0040] FIG. 6B illustrates a cell 650 through which a 
highway 652 passes. In this cell 650, a significant por- 
tion of the mobile unit traffic does not leave the highway 

35 652 while the mobile unit is in the cell 652. Thus, an 
assumption is made for the cell thai if a mobile unit is in 
the cell it is on a midway point 654 on the highway 652 
within the cell. Thus, responses to locate requests for 
mobile units operating within the cell 650 will include the 

40 longitude and latitude of the midway point on the high- 
way. 

[0041] When other significant structures exist within 
a serviced cell, e.g., a mall, industrial park, etc., within 
which a substantial portion of the traffic in the cell oper- 

45 ates, an assumption may be made and justified to con- 
sider the latitude and longitude of the structure to be the 
location of a mobile unit operating within the cell. 
[0042] The invention disclosed herein is susceptible 
to various modifications and alternative forms. Specific 

50 embodiments therefor have been shown by way of ex- 
ample in the drawings and detailed description. It should 
be understood, however, that the drawings and detailed 
description thereto are not intended to limit the invention 
to the particular form disclosed, but on the contrary, the 

55 invention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the 
present invention as defined by the claims. 
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Claims 

1 . A method of providing location information for a mo- 
bile unit operating in a wireless communication sys- 
tem, the method comprising: 

receiving a locate request for the mobile unit; 
forward the locate request to a mobile switching 
center serving the mobile unit; 
paging the mobile unit; 

receiving a page response from the mobile unit, 
the page response indicating a cell/sector iden- 
tification in which the mobile unit currently op- 
erates; 

converting the cell/sector identification into a 
longitude and a latitude; and 
returning the longitude and the latitude in re- . 
sponse to, the locate request. 

2. The method of claim 1, wherein the locate request 
is received from a service control point. 

3. The method of claim 2, wherein the service control 
point receives the locate request from a subscriber 
computer via a coupled network. 

4. The method of claim 1 , further comprising: 

determining a time stamp that corresponds to 
the location of the mobile unit; and 
returning the time stamp with the longitude and 
latitude. 

5. The method of claim 5, wherein the time stamp is 
converted to standard time. 

6. The method of claim 1 , wherein in converting the 
cell/sector identification into a longitude and a lati- 
tude, a center of area for the corresponding cell/ 
sector is assumed to be the location of the mobile 

• unit. 

7. The method of claim 1 , wherein in converting the 
cell/sector identification into a longitude and a lati- 
tude, a physical feature located within the corre- 
sponding cell/sector is assumed to be the location 
of the mobile unit. 

8. The method of claim 1 , wherein the locate request 
includes parameters requesting the return of a cur- 
rent location of the mobile unit. 

9. A method of providing location information for a mo- 
bile unit operating in a wireless communication sys- 
tem, the method comprising: 

receiving a locate request for the mobile unit; 
forward the locate request to a mobile switching 



center serving the mobile unit; 
when the locate request includes a request for 
a last known location of the mobile unit, retriev- 
ing a cell/sector identification of Ihe last known 

5 location of the mobile unit; 

when the locate request includes a request for 
a current location of the mobile unit, paging the 
mobile unit and receiving a page response from 
the mobile unit, the page response indicating a 

io cell/sector identification in which the mobile unit 

currently operates; 

converting the cell/sector identification into a 
longitude and a latitude; and 
returning the longitude and the latitude in re- 
is sponse to the locate request. 

10. The method of claim 9, wherein the locate request 
is received from a service control point. 

20 11. The method of claim 10, wherein the service control 
point receives the locate request from a subscriber 
computer via a coupled network. 

12. The method of claim 9, further comprising: 

25 

determining a time stamp that corresponds to 
the location of the mobile unit; and 
returning the time stamp with the longitude and 
latitude. 

30 

13. The method of claim 12, wherein the time stamp is 
converted to standard time. 

14. The method of claim 9, wherein in converting the 
35 cell/sector identification into a longitude and a lati- 
tude, a center of area for the corresponding cell/ 
sector is assumed to be the location of the mobile 
unit. 

40 15. The method of claim 9, wherein in converting the 
cell/sector identification into a longitude and a lati- 
tude, a physical feature located within the corre- 
sponding cell/sector is assumed to be the location 
of the mobile unit. 

45 

16. The method of claim 9, wherein the locate request 
includes parameters indicating whether to return a 
current location of the mobile unit or to return a last 
known location of the mobile unit. 

so 

17. A wireless communication system comprising: 

a home location register that receives a locate 
request for a mobile unit; 
ss a serving mobile switching center that receives 

the locate request from the home location reg- 
ister; 

a visitor location register coupled to the serving 
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mobile switching center that contains a last 
known cell/sector identification for a cell/sector 
serving the mobile unit; 

when the locate request includes a request for 
a last known location of the mobile unit, the 
serving mobile switching center retrieving a 
cell/sector identification of the last known loca- 
tion of the mobile unit; 

when the locate request includes a request for 
a current location of the mobile unit, the serving 
mobile switching center paging the mobile unit 
and receiving a page response from the mobile 
unit, the page response indicating a cell/sector 
identification in which the mobile unit currently 
operates; 

the serving mobile switching center converting 
the cell/sector identification into a longitude and 
a latitude; and 

the serving mobile switching center returning 
, the longitude and the latitude to the home loca- 
tion register. 

18. The wireless communication system of claim 17, 
further comprising a service control point that inter- 
faces with a subscriber computer, that receives the 
locate request from the subscriber computer and 
forwards the locate request to the home location 
register, and that receives the longitude and latitude 
from the home location register and returns the lon- 
gitude and latitude to the subscriber computer. 

19. The wireless communication system of claim 18, 
wherein the service control point receives the locate 
request from the subscriber computer via a coupled 
network. 

20. The wireless communication system of claim 17, 
wherein: 

the serving mobile switching center determines 
a time stamp that is associated with the cell/ 
sector; and 

the serving mobile switching center returns the 
time stamp with the longitude and latitude. 

21. The wireless communication system of claim 20, 
wherein the time stamp is converted to standard 
time. 

22. The wireless communication system of claim 17, 
wherein in converting the cell/sector identification 
into a longitude and a latitude, a center of area for 
the cell/sector is assumed to be the location of the 
mobile unit. 

23. The wireless communication system of claim 17, 
wherein in converting the cell/sector identification 
into a longitude and a latitude, a physical feature 



located within the cell/sector is assumed to be the- 
location of the mobile unit. 

24. The wireless communication system of claim 17, 
5 wherein the locate request includes parameters in- 

dicating whether to return a current location of the 
mobile unit or to return a last known location of the 
mobile unit. 
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